Abstract In all epidemiological studies the validity of self-reported questionnaire data is an important issue as the exposure assessment based on such data is a major source of bias in the risk estimation. A validation study was conducted based on a case-control study including 94 acoustic neuroma cases and 191 matched controls from the German Interphone Study to investigate the level of agreement between self-reported occupational noise exposure and a job-exposure-matrix (JEM) on noise exposure derived from a lifetime occupation calendar. The JEM was generated based on measurement data collected in the literature for various occupations. Level of agreement was investigated by using sensitivity, specificity, kappa coefficient and the Youden-Index. The receiver operating characteristics curve yielded an optimal cut point of 80 decibel(Acoustic) (dB(A)) to dichotomize noise exposure, displaying a moderate agreement between selfreported exposure and the JEM-based exposure (kappa of 0.53) that was slightly higher for cases than controls (kappas of 0.62 and 0.48). The agreement was only slightly lower if the longest held job or the last held job were used instead of the loudest job of the lifetime job history. The cut point of 80 dB(A) corresponds with regulations for workers safety with a recommendation to wear noise protection. The good levels of agreement between self-reported high occupational noise exposure compared with JEMdata, together with no substantial differences between cases and controls, suggest that self-reported data on occupational noise exposure is a valid exposure metric. Noise exposure appears to be appropriate if only exposure information on the last or the longest held job is available.
Introduction
In all epidemiological studies the validity of self-reported questionnaire data is an important issue as the exposure assessment based on such data is a major source of bias in the risk estimation [1] . Reporting bias and recall bias are well described phenomena [2] [3] [4] . To minimize these biases is always a difficult task particularly in case-control studies as data on exposures or events are asked which date far back in the lives of the study participants, likely to lead to inaccuracies in the reporting. The issue of reporting bias has already been addressed within the Interphone study (an international case-control study on risk factors for adult brain tumors) [5] , by comparing self-reported data of mobile phone use with traffic records obtained from mobile phone operators [6] [7] [8] [9] .
Samkange-Zeeb et al. [6] found a good correlation among German mobile phone users between the selfreported number of calls per day compared with data from network providers (Spearmen rank correlation r = 0.62, 95% CI 0.45-0.75) while the correlation concerning the duration of calls was only moderate (r = 0.34, 95% CI 0.11-0.54). Parslow et al. investigated the same topic within the Interphone study but used software modified phones with internal data recording on phone use instead of provider data and found a moderate to high correlation ranging from 0.5 to 0.8 across participating countries. Using kappa statistics, the according agreement was only fair to moderate (k = 0.20-0.60) [7] . In the international publication of the Interphone study based on 672 volunteers, correlations between recalled and actual phone use were moderate to high (correlation coefficients ranging from 0.5 to 0.8 across countries) and of the same order for number and duration of calls. The kappas showed fair to moderate agreement for both number and duration of calls (weighted kappas ranging from 0.20 to 0.60 across countries) [8] . In another validation study by Vrijheid et al. within Interphone, the authors had access to historic traffic records of a sample of case-control study participants from three countries and compared the questionnaire data with data from network operators collected over up to 6 years. They used the ratio of reported to recorded mobile phone use as measure of agreement and found an overestimation of call duration of 1.4 and an underestimation of number of calls of 0.81, however, with no substantial differences between cases and controls [9] .
In addition, Hepworth et al. compared agreement between different information sources on exposures to pesticide and solvents, also using data collected within the Interphone study. They found a concordance of 53.6% for pesticides and of 45.8% for solvents [10] .
Although the main aim of the Interphone study was to evaluate the use of mobile phones as a possible risk factor for the development of glioma, meningioma, and acoustic neuroma 5 , other possible risk factors have been also investigated in this study [5] . For acoustic neuroma or vestibular schwannoma, a mostly benign tumor of the eighth cranial nerve, especially the association between loud noise and this tumor was of interest [11] [12] [13] [14] .
Noise is regarded by many people as a health threatening burden. Very well confirmed is that exposures above 85 decibel (Acoustic) (dB(A)) are a cause for damaging the according cells and, therefore, leading to impairment of hearing and, subsequently, to deafness [15, 16] . This forms the basis of legal regulations protecting workers from the adverse effects of occupational loud noise in Germany concurring with the respective EU regulations [17] . In these regulations the use of noise protection devices at exposures starting at 80 dB(A) (''lower exposure action value'') is recommended, with mandatory use of noise protection devices starting at 85 dB(A) (''higher exposure action value'').
In this paper we investigate the validity of occupational noise exposure data of the acoustic neuroma part of the German Interphone study [14] by comparing the data reported by the study participants with an exposure matrix composed of job titles and on occupational activities with their according noise exposure in dB(A) derived from various published sources.
The first aim of our study was to identify the noise level in dB(A) of the loudest job ever held that yields the best agreement with perceived noise exposure as reported by the participants themselves.
The second aim was to investigate whether the level of agreement differs between cases and controls, in order to explore whether a classification based on self-reported noise exposure potentially leads to a differential bias.
The third aim was to compare self-reported noise exposure with noise exposure based on only the last held job and only the longest held job instead of the loudest job ever held identified in the whole occupational history. Often epidemiologic studies have only information on the last held occupation or longest held occupation and we intended to estimate the gain in agreement in studies assessing the full occupational history instead.
Materials and methods
Details of the acoustic neuroma part of the German part of the Interphone study are described elsewhere [14] . In brief, cases were ascertained in the neurosurgical clinics of four study regions around Bielefeld, Heidelberg, Mainz and Mannheim, comprising 6.6 million inhabitants. Only patients diagnosed between October, 2000 and October, 2003, aged 30-59 years, living in the study region at date of diagnosis, and with sufficient knowledge of the German language were included. The study was extended as from October 1st, 2001, to include also patients aged 60-69 years. Of 106 identified patients, seven refused to participate, two died before the interview, and three were lost to follow-up (participation rate: 89%). Controls were randomly selected from the compulsory population registries of the respective study regions and were frequency-matched to cases according to gender, age and regional distribution. In total, 368 controls were selected, of which 202 (55%) agreed to participate in the interview, 139 (38%) refused and 27 (7%) were either too ill to participate, had died, or were lost to follow up.
In order to evaluate a possible association of loud noise with the development of an acoustic neuroma, the computer-assisted personal interview (CAPI) contained a series of detailed noise-related questions for acoustic neuroma cases and their controls, e.g. start time and end time of noise exposure in leisure or in occupation, as well as the type of noise and its source. A detailed description of the structure of questions to occupational exposure in the Interphone study is given by Hepworth et al. however, not for noise but for pesticide and solvents but these questions have the same structure as the questions concerning noise [10] . In brief, acoustic neuroma cases and their controls were asked if they were ever exposed to noise. Examples of sources of noise were given such as noise from machinery, huge engines, nearby motorways or airports, rock music and/or explosions. If the study participants answered ''Yes'' they were asked further if the noise exposure happened during work and/or leisure time. If the answer was ''Yes'' to occupational exposure the subsequent questions asked for the respective occupation, the type (continuous, intermittent, and explosive) and duration of noise exposure and for the according noise source. Study participants were also asked if noise protection devices were provided and used. Although examples were given, the study participants themselves decided if they felt exposed to loud noise or not.
Two types of occupational data were collected: (1) Lifetime occupational history from the end of education till the time of the interview or retirement, respectively, including start and stop dates of each job and, (2) activities within each occupation. Only occupations with duration of 1 year or more have been recorded. In this respect, housewives, mandatory military services or unpaid social services have not been recorded. These data form the socalled occupational calendar. In total, we collected 776 occupations which have been reported.
Noise exposure in military services is a potentially important exposure with an explosive type of noise (shooting exercises, etc.). Some study participants mentioned mandatory military service as occupation while others did not. Therefore, we excluded all military services with duration of less than 2 years from the list of occupations (according to the length of the mandatory military service in Germany). Voluntary military service in Germany lasts at least 2 years and these services were counted as occupations. Of 40 military services mentioned in the occupational calendar 21 have been removed, leaving 755 of the initial 776 occupations.
These 755 occupations have been condensed into 93 different groups of occupations using the information given in the job title and the job activity in order to make various occupations comparable. This was done blinded for casecontrol status.
Occupations starting within 2 years or less before the date of diagnosis for cases or the reference date for controls (=date of diagnosis of the matched case) have been removed (n = 23), leaving 732 occupations for analysis. This was done in order to avoid any influence on the answers by possibly early symptoms of the disease as hearing loss is a common early symptom of acoustic neuroma.
Because of the known adverse health effects of loud noise, occupations and activities starting at a noise level of 80 dB(A) and above are very well described by agencies Both agencies have performed numerous measurement campaigns at various workplaces in industry and trade. Exact noise intensity measurements were available for all occupational activities in the high exposure category C85 dB(A) and for most occupational activities in the medium exposure category C80-\85 dB(A).
These measurements formed the main basis of the assignment of noise in dB(A)-values to the occupations and activities in the occupational calendar of our study. If no data of these two agencies were available other official sources have been used like measurements of environment agencies run by communities or the German states. If no exact measurements were available, a rating of noise exposure was done on the basis of further sources from the literature or the internet. When the noise exposure was declared as ''below 80 dB(A)'' the value of 79 dB(A) has been assigned to the according occupation or respective activity. The assignments have been done blinded for the case-control status by two raters (KS and BS). Additionally, all dB(A)-assignments have been checked by an expert of the BGIA.
We did not take the use of noise protection devices into account. Firstly, because the according question was asked only to those study participants who answered ''Yes'' to the noise questioning the CAPI; secondly, even among those who did reply ''Yes'' it does not play a role as only seven study participants used it.
Based on these noise exposure assignments we labelled for each participant the occupation with the highest dB(A)-value as ''loudest occupation''. If a study participant had 1 BGIA and SUVA are government authority like institutions which are in their countries responsible for occupational safety and health. It is also their task to supervise and control their proper application in the workplaces.
Measurements of both agencies followed the rules given by national or European authorities. The BGIA followed the rules of DIN 45 645, Part 2 (L Aeq -method), SUVA measurements followed the following rules: DIN EN ISO 3746: 1995 (sound power level), DIN EN ISO 11200-11204 (emission of sound intensity levels at the workplace), ISO 3744, ISO 4871, ISO 6081, and ISO 1999 as well as special EUdirectives, like 79/113/EWG, and 85/405/EWG. Measurements have been performed either by the BGIA or SUVA or by certified agencies according to EN45001.
As the measurements of the BGIA was much too detailed for our purposes we mainly used the SUVA data. The SUVA condensed their measurements for an occupation like road builder into one dB(A) value whereas the BGIA divided this occupation into subgroups like guard rail builder, asphalt layer and others involved in street construction for which the information in our occupational data was not detailed enough.
Validity of self-reported occupational noise exposure 471 more than one ''loudest'' occupation, we took the longest among the loudest occupations. For some participants this led to the coding of an occupation as ''loudest'' which was not the occupation chosen by the study participants himself as a noise burden, although the one chosen by the participant was equally loud. In order to comply better with the study participants' choice we relabelled these occupations as the ''loudest'' for three cases and three controls. Furthermore, we assigned the label of ''longest occupation'' to the occupation with the longest duration, and ''last occupation'' to the occupation which was held at the time of interview or was the last occupation before retirement.
Statistical analysis
To address the first aim (perception of loudest occupation compared to dB(A) measures), 492 occupations of the controls were used. We applied a receiver-operator-characteristic curve (ROC-curve) as a graphical mean to establish the best cut point at which dB(A) level participants characterized their occupation to lead to noise exposure [20] . Additionally, we used as numeric approach the Youden-Index as it is not dependent on the prevalence of subjective noise exposure perception [21] . It both measures the effectiveness of a marker and enables the selection of an optimal threshold value (cut off point) for the marker. The Youden-Index is defined as specificity ? sensitivity-1. We calculated the Youden-Index for all possible cut-points between 79 dB(A) and 90 dB(A) for the 492 occupations of the controls. The level of agreement was evaluated using standard methods, i.e. by calculating the sensitivity, specificity, positive and negative predictive value, and the kappa coefficient [22] . We defined the selfreported noise exposure as the gold standard to investigate how well the labelling of occupations predicts the perception of noise. For example: sensitivity was the proportion calculated from the number of participants who reported to be exposed to loud noise (true positives) working in an occupation labelled as being loud divided by the number of true positives plus the number of participants not working in an occupation labelled as being loud who still reported to be exposed to loud noise (false negatives). The kappa statistic quantifies the extent of agreement beyond the expected level of agreement by chance alone [23] (Kappa values range from 1 = perfect agreement; 0 = no agreement; -1 = perfect disagreement).
To address the second aim (differences between cases and controls concerning the level of agreement) we calculated kappa coefficients with 95%-confidence intervals and Youden-Indices for cases and controls separately. For the third aim we repeated the calculation for the loudest, the longest, and the last occupation for all study participants.
Results
Our study consists of 291 study participants, 97 cases and 194 controls, matched 1:2 by gender and age. Of six study participants (three cases and three controls) the occupational history could not be obtained. Of the remaining 285 study participants 105 (36.8%) replied ''Yes'' to the question ''Have you been exposed to loud noise at work'' whereas 180 (63.2%) replied ''No''. Many of them had more than one occupation during their lifetime career: one job only was held by 88 (30.9%), two jobs by 80 (28.1%), three jobs by 49 (17.2%), and four to nine jobs by 68 (23.9%) participants, resulting in 732 reported occupations in the occupation calendar. The distribution of the assigned dB(A)-values by self-reported noise burden are shown in Table 1 . This table shows also that the dB(A)-values are not normally distributed.
The ROC-curve ( Fig. 1 ) and the respective YoudenIndex (Table 2 ) resulted in an optimal cut point of 80 dB(A) when examining the best level of agreement between self-reported noise exposure and the labelling of occupations.
The cut point of ''80 dB(A)'' in the ROC-curve is closest to the point ''100% specificity/100% sensitivity'' and the Youden-Index for 80 dB(A) is the highest one with 47.2%. A kappa of 0.53 (95%-confidence interval: 0.43-0.62) and the Youden-Index of 0.56 (sensitivity: 0.85; specificity: 0.72) for the remaining 285 study participants (94 cases and 191 controls) show clearly that the cut point of 80 dB(A) differentiates the occupational noise burden into the two categories exposed and not exposed quite well (Table 3) . In order to address our second aim we calculated kappa coefficients and Youden-Indices separately for cases and controls. They show that cases recall the exposure of a loud occupation better than controls, with a kappa of 0.62 compared to 0.48 and a Youden-Index of 0.64 compared to 0.53. This difference is mainly based on the difference of the true positives (TP) and the false positives (FP) between cases and controls. The percentage of TP for cases was with 36.2% higher than the percentage of controls with 28.8%. Accordingly, the FP-percentage for cases was lower (13.8%) than that of controls (19.9) ( Table 3 ). The 95%-confidence intervals of the kappa coefficients do overlap suggesting that the difference between cases and controls was not substantial, at least not large enough to be detected with a sample size like in our study (Fig. 2) .
To answer our third aim we compared self-reported noise exposure with noise exposure based on the last held job and longest held job, respectively. The kappa of 0.53 and the Youden-Index of 0.56 for the loudest occupation is highest for all three categories (Table 3) , showing no major differences.
If we differentiate between cases and controls, the picture changes slightly. The highest kappa of 0.50 for the controls is for the last occupation, but the highest YoudenIndex of 0.53 is for the loudest occupation. All kappa coefficients are very similar.
Discussion
The study participants differentiate well between occupations with and without noise burden. The majority of occupations mentioned with noise burden are at or above 80 dB(A) whereas the majority of those without noise burden is below 80 dB(A). This leads to a clear cut point of TP true positives (exposed and classified as exposed), FP false positives (not exposed but classified as exposed), FN false negatives (exposed but classified as not exposed), TN true negatives (not exposed and classified as not exposed), CI confidence interval Validity of self-reported occupational noise exposure 473 80 dB(A) as the noise level at which participants discriminate best between reporting to be exposed to noise or not.
Concerning the level of agreement between cases and controls there is no substantial difference due to overlapping confidence intervals, although the kappa coefficient and the Youden-Index for cases are somewhat higher.
Kappa coefficient and Youden-Index were highest for the loudest occupation; however, the result is virtually not altered if type of occupation (loudest, longest or last) was taken into account.
This might be due to the fact that the occupations concerning the category ''loudest, longest, or last'' are not independent of each other. Of the 285 loudest occupations, only 12% were neither the longest held nor the last held job; 55% were both longest and last, 9% the longest, and 24% the last held job.
When calculating these percentages and kappa coefficients for cases and controls separately they virtually remained the same. Insofar, this missing independency of occupations causes no differences between cases and controls.
The highest kappa and Youden-Index for the loudest occupation shows clearly that study participants recall their highest exposure. The higher kappa and Youden-Index for cases compared to that of the controls might be an indicator that cases reflects their occupational career more thoroughly.
Hepworth et al. [10] found in their study which is also based on data collected within the Interphone study like our study a concordance of 53.5% for pesticides and 45.8% for solvents. In our study we found a concordance with occupational noise exposure of 76.5% for the loudest occupation, again being higher for cases (80.9%) than for controls (74.3%). It is very likely that workers remember much better excessive noise as an immediate burden than the use of specific chemicals whose negative effects may arise many years after use. In addition loud noise exposure is probably of more attention of the employees because of the decree to use noise protection equipment when the noise level is 85 dB(A) or higher. In a large methodological investigation by Tielemans et al. [24] showed that jobspecific questionnaires are superior to JEM-based exposure classifications used to estimate exposure to organic solvents, kappa values were also lower than in our study, suggesting again that it depends very much on the target exposure whether questionnaires or JEMs are more suitable for exposure assessment. Another general disadvantage of JEMs is that work activities may not be comparable across countries [25] .
The strength of this investigation is certainly that the lifetime occupational history of all study participants was available and that for nearly all occupations with high noise exposure reliable measures on noise levels were given.
A weakness was that for some low noise exposed occupations no exact data were available. The assignment of 79 dB(A) to these occupations certainly led to a nonrealistic peak. Therefore, we calculated ROC-curves changing the assignment of 79 dB(A) to 75 dB(A), and to 70 dB(A), respectively. The cut point of 80 dB(A) remained (data not shown).
Conclusion
Our finding that the agreement between self-reported noise exposure and noise exposure derived from a JEM was highest at a noise level of 80 dB(A) corresponds nicely to the EC Directive 2003/10/EC classifying 80 dB(A) as a ''lower exposure action value'' [17] . The good levels of agreement and the high concordance between self-reported high occupational noise exposure compared with JEM-data together with the lack of substantial case-control differences in reporting, suggest that the self-reported data on occupational noise exposure are suitable for use in case-control studies as a reliable and valid exposure metric. A JEM-based noise exposure metric appears to be appropriate also in epidemiological studies that have only exposure information on the last held or the longest held job.
